
P 
R 
E 
S 
S 

K 
I 
T 

RELEASE NO: 

N A IIONAL A t  Rf-iNA IJTI( 5 AND SPACE ADt.AINI5TRATION W(, 2- 11 5 -  
WASHINGTON DC 20546  TELS WC) I - [ ? > ,  

67-192 

FOR RELEASE: THURSDAY A.M. 
July 27, 1967 

(To be launched no 
earlier than Aug. 1, 1967) 

CONTENTS 

4 
2 

(NASA C R  OR TMX OR AD NUMBER) 
(CATEGORY) 

7/21/67 



RELEASE NO: 67-192 

FWTH AND FINAL 

LUNAR ORBITER 

LAUNCH PLANNED 

The United States w i l l  attempt t o  launch the f i f t h  and 

f i n a l  Lunar Orbi te r ,  completing the launch series o f  the 

highly successf'ul photographic spacecraf t  within one year. 

Lunar Orbi te r  E is  scheduled f o r  launch from Cape 

Kennedy, Fla., by the National Aeronautics and Space Adminis- 

t r a t i o n  within the period Aug. 1-3. The first Lunar O r b i t e r  

was launched Aug. 10, 1966. 

I n  one year, the  Orbi te rs  have been major contributors 

t o  the n a t i o n ' s  e f f o r t  t o  l ea rn  about the Moon's surface,  and 

have acquired a wealth of photographic detail  which w i l l  s tand 

as the d e f i n i t i v e  source of lunar  surface information f o r  

many years.  

The first three Lunar Orbi ter  missions were i n  d i r e c t  

support of the Apollo and Surveyor luna r  landing programs j 

they i d e n t i f i e d  at least eight areas i n  which p o t e n t i a l  manned 

landing loca t ions  exist . 

-more- 
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The four th  O r b i t e r  mission completed a broad photo- 

graphic survey of the Moon's f r o n t  face, yielding te lephoto 

p i c t u r e s  of 99 per cent  of the e n t i r e  area with t e n  times 

f i n e r  reso lu t ion  than the  best existing te lescope views. 

For most of the area covered, the p i c tu re s  contain a hundred- 

f o l d  increase  i n  d iscern ib le  d e t a i l .  

Now Lunar O r b i t e r  has been given the complex assignment 

of photographing areas of p o t e n t i a l  i n t e r e s t  to :  

----the Apollo and Surveyor landing programs; 

----future Apollo Applications Programs; and 

-_-- science by photographing a t  c lose  range s i tes  of 

outstanding i n t e r e s t  i den t i f i ed  from the broad higher a l t i -  

tude survey completed by Lunar Orb i t e r  IV. 

The 860-pound O r b i t e r  w i l l  be launched by an Atlas- 

Agena D vehicle  on a f l i g h t  t o  the v i c i n i t y  of the Moon which 

w i l l  bake about 89 hours. 

t rans lunar  t r a j ec to ry ,  it w i l l  be designated Lunar O r b i t e r  V. 

When successful ly  in j ec t ed  on i t s  

During i t s  14-day photographic mission, t h e  spacecraf t  

w i l l  r e v i s i t  f i v e  potential Apollo landing s i tes  previously 

viewed by Lunar Orb i t e r s  I, 11, and 111, t o  supply addi t ional  

te lephoto coverage of some promising areas. It w i l l  also look 

a t  severa l  loca t ions  being considered f o r  f u t u r e  Surveyor land- 

ings. Some 20 per cent  of the ava i l ab le  film load will be 

devoted t o  these targets. 

-more - 
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The largest p a r t  of the Mission Five f i l m  budget i s  

assigned t o  targets  of pr imary  interest  t o  science.  

a l t i t u d e  telephoto pictures of the 36 science s i t e s  promise 

t o  permit more detailed i n t e r p r e t a t i o n  of lunar  surface 

phenomena than has been p o s s i b l e  before. 

Low- 

Fina l ly ,  add i t iona l  apolune photography of t he  Moon's 

hidden side i s  planned t.0 raise the  t o t a l  of hidden side 

coverage t o  more than 95 per cent.  Cartographic q u a l i t y  

p i c t u r e s  of approximately 60 p e r  cent  of the far  s i d e  were 

acquired by Lunar Orbiters I through I V ,  and Mission Five i s  

scheduled t o  f i l l  a coverage gap between 104 degrees and 143 

degrees West longitude w i t h  enough overlap t o  coordinate the 

p i c t u r e s  w i t h  previous photography. 

Hidden side te lephoto p i c t u r e s  w i l l  be taken to the  

highest  l a t i t u d e s  feasible,  and wide  angle photography w i l l  

include the Moon's po lar  regions. 

Photography on the  Moon's f r o n t  face w i l l  have s u f f i c i e n t  

reso lu t ion  t o  show surface features as small as s i x  feet  across  

i n  the  te lephoto p i c tu re s  and a s  small as 50 feet  i n  the wide 

angle  coverage. 

-more- 
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Most of Lunar O r b i t e r  E's f r o n t  face photography w i l l  

be accomplished from a low peri lune o r b i t  much l i k e  those 

flown by the first three spacecraf t  i n  the  series. 

be a high inc l ina t ion ,  near ly  polar  o r b i t  of 85 degrees l i k e  

that i n  which Lunar Orbiter IV is cur ren t ly  operating. 

It w i l l  

The low point  (per i lune)  of t he  o r b i t  intended f o r  Lunar 

Orbiter E i s  about 60 miles and the apolune (high po in t )  about 

930 miles. A t  those a l t i t u d e s  the spacecraf t  will requi re  

three hours and 11 minutes t o  complete one c i r c u i t  of the 

Moon . 
The photographic f l i g h t  plan i s  an ambitious one which 

assumes that a l l  spacecraf t  systems, ground support systems, 

and the operat ions team w i l l  be able t o  operate  a t  maximum 

eff ic iency.  

be p i c t u r e  taking sequences on almost every o r b i t .  

readout of some of the p ic tures  w i l l  occur throughout the 

photographic pa r t  of t he  mission, although t h e  schedule re- 

qu i r e s  a f i n a l  readout t o  re turn  t o  Earth a l l  photographs t o  

Once photography begins on Aug. 6 there w i l l  

P r i o r i t y  

be taken. 

The f u l l  photographic f l i g h t  plan r equ i r e s  more than 70 

camera-pointing maneuvers by O r b i t e r  E, where only 50 were 

required by the Lunar Orbi te r  I11 f l i g h t  plan.  

-more - 
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I n  addi t ion  t o  i ts  pr inc ipa l  photographic assignment, 

Lunar Orb i t e r  E, l i k e  i t s  predecessors, will monitor proton 

r ad ia t ion  and meteoroids in the  v i c i n i t y  of the Moon. Detec- 

t i o n  equipment on the four  O r b i t e r s  flown thus  fa r  has recorded 

a to t a l  of nine meteoroid punctures. 

The most notable rad ia t ion  measurements were recorded 

by Lunar Orbiter I which clearly measured the e f f e c t s  of a 

series of s o l a r  flares which took place after i t s  photography 

was complete. 

Meteoroid and rad ia t ion  measurements are used pr imari ly  

f o r  spacecraf t  performance ana lys i s  s ince  the hermetically 

sealed camera package po ten t i a l ly  could s u f f e r  damage from a 

meteoroid h i t  o r  the photographic f i l m  could fog  frm solar 

proton rad ia t ion ,  

Orbi ter  E, l i k e  i t s  predecessors, will add t o  and r e f i n e  

the d e f i n i t i o n  of the Moon's g rav i t a t iona l  f ie ld .  The low 

a l t i t u d e ,  high inc l ina t ion  orb i t  is expected t o  y i e l d  more 

selenodet ic  information than the  higher a l t i t u d e  o r b i t  or igin-  

a l l y  flown by Lunar O r b i t e r  IV. 

On the first day of the planned launch period, Aug. 1, 

Orb i t e r ' s  launch window is between 4:Og and 8 p.m. EDT. On 

each succeeding day of the period the  window opens about two 

hours later. 

-more- 
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During i t s  jouney t o  t h e  Moon, the spacecraf t  w i l l  be 

or ien ted  t o  the Sun and the Southern hemisphere star Can- 

opus, except when it  i s  executing one o r  possibly two m i d -  

course maneuvers. 

A t  a po in t  about 2,500 miles from the Moon's surface,  

the l i q u i d  fue l  retroengine w i l l  f i r e  t o  slow the  spacecraf t  

so i t  w i l l  be captured i n  the  Moon's g rav i t a t iona l  f i e l d .  A s  

a s a t e l l i t e  of  the Moon, Lunar Orbi te r  w i l l  en t e r  an  i n i t i a l  

e l l i p t i c a l  o r b i t  whose dis tance from the Moon w i l l  vary from 

125 t o  3,700 miles. 

The i n i t i a l  o r b i t  w i l l  be nearly polar ,  incl ined 85 degrees 

t o  the Moon's equator. The spacecraft  w i l l  require  e igh t  

hours 22 minutes t o  make a complete c i r c u i t  of the Moon i n  

the i n i t i a l  o r b i t .  Much of the f a r s ide  coverage w i l l  be ob- 

ta ined from t h i s  o rb i t .  

Two o r b i t  adjustments a re  planned to lower the spacecraf t  

i n t o  the f i n a l  o r b i t  from which i t  w i l l  complete most of  i t s  

photography. I n  the f i r s t  maileuver, the per i lune w i l l  be 

lowered t o  about 60 miles, and i n  the secoria, the apolune w i l l  

be brought down to  about 930 miles. The f i n a l  phot0graphj.c 

o r b i t  should have a period of  about three hours arid 11 minutes. 

Photography i s  scheduled t o  begin Aug. 6, and w i l l  be 

completed Aug. 19. F i n a l  readout of  a l l  p i c tu re s  taken w i l l  

be Aug. 27. 

-more - 
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NASA will d i s t r i b u t e  lunar  s i t e  photographs t c  members 

of t h e  s c i e n t i f i c  COImUnity f o r  i n t e r p r e t i v e  s tud ies .  The U.S. 

Geological Survey w i l l  employ Lunar Orbi te r  photographs as 

bas i c  material i n  i t s  e f f o r t s  t o  de r ive  a more detailed under- 

s tanding of the physical  processes which played a part i n  the 

formation of the luna r  surface as it e x i s t s  today. 

The Lunar Orbi te r  program I s  d i rec t ed  by NASA's Office of 

Space Science and Applications. The p ro jec t  I s  managed by the 

agency's Langley Research Center, Hampton, Va. The spacecraf t  

are b u i l t  and operated by The B e i n g  Co., Seattle, as prime 

contractor .  Eastman Kodak Co., Rochester, N.Y.(camera system); 

and Radio Corporation of America, Camden, N.J.(power and com- 

munication systems); are the principal subcontractors t o  Ebeing. 

NASA's Lewis Research Center, Cleveland, is responalble 

f o r  the launch vehic le  and Kennedy Space Center, Fla., will 

supervise  the  launch operat ion,  

General Dynamics, Convair Division, San Mego, f o r  the Atlas; 

and Lockheed Missiles and Space Co,, Sunnyvale, &lo, f o r  the 

Agena . 

Prime vehicle  cont rac tors  are 

Tracking and communications for the Lunar Orbiter program 

are the r e spons ib i l i t y  of t h e  NASA Deep Space Network (EN), 

operated by N A S A ' s  J e t  Propuls ion  Laboratory, Pasadena, Cal. 

DSN s t a t ions ,  loca ted  a t  Goldstone, C a l . ;  Madrid, Spain; and 

Womera, Aus t r a l i a ,  w i l l  participate i n  the mission. 

-3110I-e- 
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Photographic data gathered by Lunar Orb i t e r ' s  f i f t h  

mission will flow from each DSN s t a t i o n  t o  the Army Map 

Service,  Washington, D. C., f o r  reassembly and dupl icat ion.  

Some material w i l l  be reassembled and pr in ted  a t  NASA's 

Space F l i g h t  Operations Fac i l i t y  and a t  the Langley Research 

Center t o  support  preliminary screening a c t i v i t i e s .  Photographs 

and video tape records of si tes of  primary i n t e r e s t  t o  the  

Apollo program w i l l  be s en t  t o  NASA's Manned Spacecraft  Center 

f o r  evaluat ion and de ta i l ed  analysis .  

(END O F  GENERAL RELEASE; BACKGROUND INFORMATION FOLLOWS) 

\ 
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LUNAR ORBITZR PROJECT 

The Lunar Orbi ter  program was announced by NASA i n  
August, 1963, as one of three major p ro jec t s  f o r  unmanned 
explorat ion o f  the Moon i n  advance of Project  Apollo. 

I n  the following two years,  three ranger spacecraf t ,  
carrying t e l ev i s ion  cameras, returned a t o t a l  of  17,259 photo- 
graphs of the lunar  surface enroute t o  crash landing and 
des t ruc t ion  on the Moon. 

s o f t  landing on the  Moon's surface. It measured important 
surface propert ies--for  example, how much weight the lunar  c r u s t  
will support--and transmitted 11,150 close-ups o f  the Moon's 
surface from i t s  pos i t ion  on the Sea of Storms (Oceanus Procel- 
larum). 

On Aug. 10, 1966, Lunar O r b i t e r  I was launched and during 
the succeeding days demonstrated i t s  remarkable v e r s a t i l i t y  as 
a f ly ing  photographic laboratory.  F ina l  t a l l i e s  show that i t  
photographed about two mi l l ion  square miles of  lunar  surface,  
including 16,000 square miles over prime t a r g e t  s i tes  i n  the 
Apollo zone of  i n t e r e s t  on the f ron t  face of  t h e  Moon. 
provided the f irst  detailed s c i e n t i f i c  knowledge of  the lunar  
g r a v i t a t i o n a l  f i e l d  and topographic and geological information 
o f  d i r e c t  bene f i t  t o  the Apollo program and t o  s c i e n t i f i c  know- 
ledge o f  the Moon. 

o f  o r b i t i n g  the Moon, Lunar Qrbiter I was ordered t o  f i r e  i t s  
ve loc i ty  cont ro l  engine f o r  97 seconds. A t  9:30 a.m., BDT, 
i t  impacted the hidden s ide  of the Moon. This was done t o  
e l iminate  any p o s s i b i l i t y  tha t  Orbiter I could i n t e r f e r e  with 
the Orbi ter  I1 mission by inadvertently turning on i t s  radio 
t ransmi t te r .  

Surveyor I, launched May 30, 1966, achieved a successful  

It 

On Oct. 29, 1966, a f te r  making 527 revolut ions i n  77 days 

Lunar O r b i t e r  11, launched Nov. 6, 1966, flew an even 
more successful  photographic mission, providing wide angle and 
telephoto coverage of m r e  than 1.5 mi l l ion  square miles of  
the Moon's surface not  covered by Orbiter I, including 15,000 
square miles of  primary s i te  photography i n  the Apollo zone. 

than 1,960 o r b i t s ,  and i s  continuing to  add t o  the s c i e n t i f i c  
understanding of  the lunar  g rav i t a t iona l  f i e l d  through c a r e f u l  
t racking . 

By Ju ly  15, 1967, Lunar O r b i t e r  I1 had completed more 

-more- 
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Lunar Orb i t e r  111, following the program timetable of  a 
f l i g h t  every three months, was launched Feb. 4, 1967, t o  obta in  
photographs confirming the e a r l i e r  photography completed by 
Orbi te rs  I and 11. A s  a r e s u l t  o f  i t s  successful  mission, NASAIs 
Office of Manned Space F l i g h t  announced the se l ec t ion  o f  e igh t  
s i t e s  s u i t a b l e  f o r  landing the Project  Apollo Lunar Module. 

I n  a remarkable h i s t o r i c  first,  Lunar Orb i t e r  I11 flew 
over the landing s i t e  of  Surveyor I and made a series of  pic-  
t u r e s  showing a man-made a r t i f a c t  standing on the lunar  sur-  
face.  

A s  of J u l y  15, 1967, Lunar Orbiter I11 had completed more 
than 1,080 o r b i t s  of the Moon. It i s  tracked from time t o  
t i m e  t o  provide fu r the r  data f o r  g rav i t a t iona l  f i e l d  s tudies ,  
and i t s  meteoroid and r ad ia t ion  de tec tors  remain i n  operating 
condition. 

Surveyor I11 was launched A p r i l  17, 1967, and bounced t o  
a landing on the lunar  surface A p r i l  19. It extended the work 
o f  i t s  predecessor by mechanically sampling the tex ture  of the 
Moon's surface material, The precise  loca t ion  of the  Surveyor 
I11 landing s i t e  was established through photographs of  the 
area made by Lunar Orbi te r  111's telephoto lens  two months 
earlier.  

On May 4, 1967, Lunar Orbi ter  IV l e f t  Cape Kennedy on an 
ambitious mission t o  photograph a s  much as possible  o f  t h e  Moon's 
f r o n t  face w i t h  i t s  telephoto l e n s  and t o  add t o  ex i s t ing  cover- 
age of hidden side areas as w e l l .  By the t i m e  i t s  photographic 
mission was completed June 1, it had acquired telephoto p i c tu re s  
of  99 per cent  of the Moon's f ront  face,  The p i c tu re s  provided 
s c i e n t i s t s  t en  times b e t t e r  resolut ion than the bes t  e x i s t i n g  
te lescope views, and f o r  most of  the area covered contained 
a hundredfold increase i n  d i scern ib le  detai l .  

I n  conjunction with its three predecessors, Lunar Orbiter 
I V  raised t o  more than 60 per cent the t o t a l  cartographic 
q u a l i t y  coverage of  hidden s i d e  topography. Analysis and i n t e r -  
p r e t a t i o n  of the wealth of  photog$aphic detai l  returned by 
Orbi ter  IV w i l l  occupy s e i e n t i s t s ,  mapmakers and planners of 
fu tu re  missions f o r  months t o  come. 

As of Ju ly  15, Lunar Orb i t e r  N had completed 220 c i r c u i t s  
of  the Moon. 

-more- 
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A l l  three operat ing Orbiters are used as t racking targets 
by the NASA Manned Space F l igh t  Network s ta t ions,providing a 
valuable  method of exerc is ing  and evaluat ing the t racklng  
network and the  Apollo Orb i t  Determination Program, 

Lunar  Orbiter and Surveyor data are being used together  
t o  ga in  a detai led understanding of se l ec t ed  a reas  of the lunar  
su r face  i n  order  t o  make a safe  manned landing possible .  

-more- 
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SPACECRAFT CONFIGURATION 

The Lunar Orbiter spacecraf t  is a f l y i n g  photographic 
laboratory,  equipped with the necessary con t ro l s  t o  pos i t i on  
the camera co r rec t ly  over t h e  s i te  t o  be viewed, and the  means 
t o  e x t r a c t  the information contained i n  each photograph and 
send it back t o  Earth. 

I n  f l ight configuration Lunar O r b i t e r  i s  a t runcated cone 
from whose base p ro jec t  four  s o l a r  c e l l  panels.  It c a r r i e s  
two antennas on rods extended from opposite s i d e s  of the space- 
c r a f t ,  and i s  covered with an aluminized mylar r e f l e c t i v e  
thermal b l a h  t . 

Lunar Orbi ter  weighs 860 pounds, and when folded f o r  
launch measures f i v e  feet i n  diameter by f i v e  and one-half 
feet ta l l .  During launch the  s o l a r  panels  are folded aga ins t  
the base of the spacecraf t  and the antennas are held aga ins t  
the sides of the s t r u c t u r e .  A nose shroud only f i v e  feet ,  
f i v e  inches in diameter encloses the  e n t i r e  spacecraf t .  

When the s o l a r  panela and antennas are deployed i n  space, 
the maximUm span becomes 18 and one-half feet  across  the  an- 
tenna boome and 12 feet, two inches ac ross  t h e  s o l a r  panels. 

The primary s t r u c t u r e  cons i s t s  of the main equipment 
mounting deck and an upper sec t ion  supported by t r u s s e s  and 
an arch.  

I n  the upper sec t ion  are located the ve loc i ty  con t ro l  
engine w i t h  i ts  tankage f o r  oxidizer,  f u e l  and pressur iza t ion ,  
and the a t t i t u d e  cont ro l  t h rus t e r s .  The nozzle of the engine 
extends through an  upper heat shield. 

e l e c t r i c a l  system equipment, t h e  i n e r t i a l  re fe rence  u n i t ,  the 
Sun sensor, and the Canopus s t a r  t r acke r .  

The lower sec t ion  houses the camera, communications and 

Camera System 

The technological  a b i l i t y  t o  compress a complete photo- 
graphic labora tory  within an egg-shaped pressure shel l  with 
a l l  parts weighing no more than 150 pounds makes the Lunar 
Orbiter mission poss ib le .  The package itself Includes two 
cameras -- one f o r  wide angle and the o t h e r  f o r  te lephoto  
photography. The cameras view the Moon through a p ro tec t ive  
window of quartz ,  vdzich i n  tu rn  is p ro tec t ed  by a mechanical 
f lap i n  the thermal blanket which covers most of the space- 
c r a f t .  The flap, or camera t h e r m a l  door, i s  opened and closed 
by camnand a t  the beginning and end of every photographic pass 
over a s e c t i o n  of l una r  surface. 

-more- 
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MICROMETEOROID 

TTITUDE CONTROL THRUSTERS 

OXIDIZER TANK 

TRANSPONDER 

LUNAR ORBITER SPACECRAFT 
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The wide angle lens  i s  an 80- Xenotar, manufactured b 
the West German f i r m  of Schneider-Kreuznach. It i s  f i t t ed  w 9 t h  
a f ixed  aper ture  s top  of f/5.6 and a between-lens s h u t t e r  t o  
provide exposure speed se l ec t ions  of 1/25, 1/50 and 1/100 second. 

The te lephoto  l ens  is a 24-inch f/5.6 Paxoramic spec ia l ly  
designed and b u i l t  by Pac i f i c  Optical Co. The l ens  weighs less 
than 16 pounds and operates  through a f o c a l  plane s h u t t e r  ad- 
us t ab le  on ground command t o  t h e  same speed se l ec t ions  as the  L-m lens .  

Rela t ive ly  low s h u t t e r  speeds are required by the exposure 
index of the film, which is Kodak Special  Hlgh Defin i t ion  Aerial 
Film, Type SO-243. Although i t s  aerial exposure Index of 1.6 is 
slow i n  comparison with o the r  films, it has extremely f i n e  g ra in  
and except ional ly  high resolving power. It is r e l a t i v e l y  Immune 
t o  fogging a t  the levels of r ad ia t ion  normally measured in space. 

Lunar Orbiter  w i l l  ca r ry  a 260-foot r o l l  of 70-m SO-243 
unperforated f i lm,  s u f f i c i e n t  f o r  a t  least 212 dual  exposure 
frames. The supply spool i s  shielded aga ins t  ion iz ing  radia- 
t i o n  from s o l a r  flares. 

Along one edge of the  film is  a band of pre-exposed data, 
pr imar i ly  reso lv ing  power charts and densitometric gray sca les ,  
which wi l l  be read out along with the lunar  images captured by 
the spacecraf t .  

The gray sca l e s  are very important because they contain the 
key t o  co r rec t  i n t e r p r e t a t i o n  of t he  Lunar Orbi te r ' s  photographs. 
Spec i f i ca l ly ,  they provide the photometric ca l ib ra t ion  which 
w i l l  make It poss ib le  t o  estimate s lopes on the  Moon's surface 
by measuring f i lm dens i t i e s .  

Photo Taking Process 

Light gathered by the 24-inch lens  i s  turned through a 
right angle by a mirror  before  it reaches the film, while the  
wide angle lens  passes  light d i r e c t l y  t o  the  film. Because of 
the camera's mechanical design, the two simultaneous images are 
not placed side by side on the f i lm,  but are in t e r spe r sed  w i t h  
o the r  exposures. 

per i lune  (lowest po in t  i n  o rb i t  about the Moon) and i n  view 
of the  r e l a t i v e l y  low film exposure speeds, the camera system 
has been provided with a device t o  e l imina te  b lu r r ing  of the 
image. 
sensor and a mechanical d r i v e  t o  move the f i l m  p la t en  s l i g h t l y  
while an exposure occurs. 

Because the spacecraf t  w i l l  be moving a t  4,500 mph a t  

This image motion compensation is performed by a spec ia l  
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The spec ia l  sensor i s  a v i t a l  component of the camera 
system. Called a V/H sensor (veloci ty  divided by height), it 
e l e c t r o n i c a l l y  scans a por t ion  of the  image formed by the high 
r e so lu t ion  lens .  

The t r acke r  campares successive c i r c u l a r  scans of a por- 
t i o n  of the  image and generates a s igna l  proport ional  t o  the 
rate and d i r ec t ion  of t he  motion i t  senses. The rate s igna l  
i n  t u r n  governs the ac t ion  of the  image motion compensation 
servo-mechanism and the exposure i n t e r v a l  cont ro l le r ,  while 
the d i r ec t ion  information is  used t o  cont ro l  spacecraf t  yaw 
a t t i t u d e  . 

Special  p l a t ens  have been b u i l t  i n t o  the camera t o  g r i p  

The p l a t ens  are mechanically dr iven as required by 
the f i l m  and hold it f l a t  by means of vacuum while an exposure 
is  made. 
the s i g n a l  sen t  from the V/H sensor, and their  motion, although 
very slight, matches the speed of t h e  spacecraf t  and minimizes 
any b l u r  o r  smearing of the  Image. 

After each exposure, the p l a t ens  r e tu rn  t o  their  o r ig ina l  
pos i t i ons  and are ready for  the next p ic ture .  

After exposure, the f i l m  moves forward t o  a s torage  o r  
bu f fe r  area between the camera and processor. The bu f fe r  re- 
gion o r  looper is provided t o  take up the s l ack  between the 
camera -- which can make up t o  20 exposures on a s ing le  o r b i t a l  
pass -- and the processor. The looper is a system of pul ley  
blocks which can be separated t o  s t o r e  exposed film without 
s lack.  The looper can hold as many as 20 frames. 

Photo Processing System 

Next phase of the h n a r  OrbiterIs photographic system is 
a processor, i n  which the exposed f i l m  i s  chemically developed 
by the Eastman Kodak "Bimat" process. 

The Bimat method uses  a processing film o r  web whose gela- 
t i n  l aye r  has been soaked i n  a s ing le  developer-fixer so lu t ion  
of photographic chemicals. The f i l m  is s l i g h t l y  damp t o  the 
touch but  l i t t l e  free l iqu id  can be squeezed from it. 

When the  exposed film passes onto the  processor drum and 
is mechanically pressed aga ins t  the Blmat web, the chemical 
processes of negative development begin. S i l v e r  halide is re- 
duced t o  s i l v e r  i n  a few minutes, and undeveloped s i l v e r  ions 
pass  i n t o  the Bimat web material by a d i f fus ion- t ransfer  pro- 
cess. The Bimat web thereby acquires  a pos i t i ve  image of the 
exposed view. 
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After processing is complete, the  two films are separated 
and the used web material Is reeled onto a take-up spool. 
use is made of the  pos i t i ve  images on the  web. 

No 

The negative film, f u l l y  processed, passes between two 
chemically t r e a t e d  pads whlch remove much of i ts  moisture, and 
I s  then f u l l y  dried by a small e l e c t r i c  heater. When dry, the 
negat ive f i lm  is s tored  on a take-up r e e l  u n t i l  the e l ec t ron ic  
readout process is t o  begln. 

Photo Readout Process 

Readout I s  one of the most exact ing tasks the  Lunar O r -  
b i ter  photographic system is required t o  perform. 

There is no proved way of s to r ing  information which can 
compare i n  compactness w i t h  an Image composed of s i l v e r  gra ins  
i n  a g e l a t i n  emulsion on photographic f i lm.  

The readout method used by Orbi te r  must capture a8 much 
as poss ib le  of the  film's densely-packed information and change 
it i n t o  a stream of e l ec t ron ic  signals which can be t ransmit ted 
t o  Earth. 

A film scanner, i n  which a f ly ing  spot  of l igh t  and s u i t -  
able o p t i c a l  elements a r e  l inked  with a photomultiplier,  is the 
hea r t  of the readout equipment. 

L i g h t  source f o r  the  f ly ing  spot is a Line Scan Tube de- 
veloped by CBS Laboratories f o r  film scanning appl icat ions.  
The tube contains  an  e lec t ron  beam generator  and a revolving 
dnun whose surface is coated with a phosphorescent chemical. 

As the e lec t ron  beam moves across  the surface of the  phos- 
phor, a t h i n  spot  of l i g h t  is produced. The drum must be ro- 
tated t o  avoid burning at the  e lec t ron  i n t e n s i t i e s  used. 

The l ight generated by the tube is focused on the  f i lm 
through a scanning lens  t o  a spot diameter of only f i v e  microns 
(a micron is one-thousandth of a mii l lmeter  o r  about 0.000039 
of an inch) .  

The scanning l ens  moves the spot  of l igh t  i n  a regular  
p a t t e r n  across  a small segment of the  developed film, cover- 
ing the 2.4-inch width of the  Image on the negative with 
17,000 hor izonta l  scans of the beam, each one-tenth of an  
inch long. 
and when it is ended, the f i l m  advances one-tenth of an inch 
and the  scanning lens  t r a v e l s  over the next segment i n  the 
opposite d i rec t ion .  

A complete scan across  the  f i l m  takes  23 seconds, 
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By the process used, the Lunar  O r b i t e r  requi res  43 
minutes t o  scan the  11.6 inches of f i l m  which correspond t o  
a s i n g l e  exposure by the two lenses. 

As the spot  of l i g h t  passes through the Image on the nega- 
t i ve ,  it is modulated by the  densi ty  of the Image, that  is  
the denser por t ions  t ransmit  less l i g h t  than sec t ions  of lower 
dens i ty .  

After passing through the f i l m  the light i s  sensed by 
a photomult ipl ier  t ube  which generates an e l ec t ron ic  s igna l  
propor t iona l  t o  the i n t e n s i t y  of the t ransmit ted light. The 
s igna l  i s  amplified, timing and synchronization pulses  are 
added, and the  r e s u l t  is  fed i n t o  t h e  communications l i n k  as 
the Lunar Orb i t e r ' s  composite video s igna l  f o r  transmission 
t o  Earth. 

The flow of film through t h e  Bimat processor cannot be 
reversed once started because t h e  dry f i l m  would s t i c k  t o  the 
Bimat, so a complete readout of Lunar Orb i t e r  photographs w i l l  
not begin u n t i l  the  f ina l  p ic ture  is  taken. 

Capabi l i ty  f o r  earlier partial readout i s  provided by 
the looper b u i l t  i n t o  the photographic system between the pro- 
cessor  and f i l m  scanner. 
fou r  frames, which can be sent  through the scanner upon ground 
command. 

The p r i o r i t y  readout looper holds 

Before the f inal  fi lm readout i s  begun, the Bimat  web 
f i lm used i n  processing is cut so that the f in i shed  negative 
can be pul led  backward through the processor and gradual ly  re- 
turned t o  the o r i g i n a l  film supply reel. After the Bimat  web 
is cut, the Lunar Orbi ter  i s  no longer able t o  obtain photo- 
graphs, and the  remaining port ion of i t s  photographic mission 
is  occupied with readout. 

Readout occurs i n  reverse  order from that i n  which 
the p i c tu re s  were taken because of the inherent  design of the 
photographic system. There is provision f o r  repeated readout 
if required. 

-more- 



-17- 

E l e c t r i c a l  Power System 

Lunar Orbi te r  c a r r i e s  a conventional s o l a r  panel- 
s to rage  battery power system, with provis ions f o r  voltage 
r egu la t ion  and charge cont ro l ,  

Primary source of power is an array of fou r  s o l a r  
panels,  each s l i g h t l y  more than 13square  feet  i n  area. 
There are 10,856 s o l a r  cel ls  on the spacecraf t  panels  0- 

2,714 pe r  panel. Each I s  an N-on-P s i l i c o n  s o l a r  c e l l ,  
0.8-in. square, p ro tec ted  by a b lue  r e f l e c t i n g  f i l t e r ,  

about 375 watts of power. 
including the stowage and deployment mechanisms, is 
70 pounds. 

I n  f u l l  sunl ight ,  the Iunar O r b i t e r  s o l a r  panels  produce 
Total  weight of the array, 

Energy produced by the s o l a r  panels  i s  s to red  f o r  use 
uhile the Lunar Orbi te r  is i n  shadow in a =-ce l l  nickel- 
cadmium battery rated a t  12 ampere hours. The battery con- 
sists of two i d e n t i c a l  10-cell  modules; ove ra l l  weight 
is 30 pounds, 

Orbiter 's  e l e c t r i c a l  system vol tage can vary from 
22 v o l t s  when the batteries a r e  supplying the load t o  a 
peak of 31 v o l t s  when the  s o l a r  panels  are operating. 

The spacecraft power system includes a charge con t ro l l e r  
t o  r egu la t e  the amount of current  t o  the  battery while it 
is being recharged, and a shunt r egu la to r  t o  keep the 
s o l a r  array output from excee.ding a safe maximum voltage. 

lhring the first weeks of i t s  mission, Lunar Orbiter E 
w i l l  operate  I n  f'ull sun l igh t  on near ly  every o r b i t ,  and 
i t s  charge con t ro l l e r  has been se l ec t ed  t o  provide a charge 
rate co r rec t ly  proportioned to the  l ight conditions.  

Orbiter E w i l l  also carry a vol tage boos te r  t o  permit 
use of the Image Motion Compensation equipment f o r  
photography when the solar panels  are not  c lose ly  aligned 
with the Sun, a condi t ion which w i l l  occur a t  times during 
the mission. 
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A t t i t u d e  Contrcl System 
_. 

During the course of i t s  mission, Lunar Orbi ter  E 
will be ca l l ed  on t o  perform accurately a very la rge  
number of a t t i t u d e  changes. The prec is ion  with which it 
can poin t  its cameras lies a t  the heart of i t s  success 
and v e r s a t i l i t y  as a f ly ing  photographic laboratory.  

The current  record is held by Lunar Orbi te r  I V  which 
ac ted  cor rec t ly  on 7,067 ccrmmands and performed 670 s_eparate 
a t t i t u d e  maneuvers. The miss ion  planned f o r  Lunar Orbi ter  E 
should be somewhat l e s s  demanding. 

O r b i t e r ' s  a t t i t u d e  control  subsystem has been designed 
t o  accomplish these spacecraf t  events prec ise ly  and repeatedly, 
while r e t a in ing  enough f l e x i b i l i t y  t o  respond t o  changes 
ordered by ground command. 

Pr inc ipa l  elements of the a t t i t u d e  system a r e  the 
programmer, i n e r t i a l  reference uni t ,  Sun sensors, Canopus 
t racker ,  an e l ec t ron ic  cont ro l  and switching assembly, and 
a set of reac t ion  control  th rus te rs .  

The programmer is a low-speed digi ta l  data processing 
machine with a memory capaci ty  la rge  enough t o  provide 
16 hour8 of control  over a photographic mission from s tored  
commands. It contains  redundant clocks f o r  timing mission 
events, and is designed t o  operate primarily i n  the s tored  
program m o d e  t o  accomplish the major mission object ives .  

The programer executes a s tored  program by br inging  
commands sequent ia l ly  from its memory, completing them, 
and continuing t o  measure time u n t i l  the next scheduled 
event. 
by ground oontrol,  bu t  the device can operate i n  a real-time 
command mode i f  required. 

The programer  memory p w i o d i c a l l y  brought up-to-date 

I n  view of the  many precise  maneuvers which Lunar 
Orbiter must perform, the  i n e r t i a l  reference u n i t  is a 
p a r t i c u l a r l y  important element i n  the  a t t i t u d e  control  
system. It has f i v e  main funct ions:  

During the a t t i t u d e  maneuver, it repor t s  the rate a t  
which the  spacecraf t ' s  a t t i t u d e  is changing, so t h a t  the  
f l i g h t  programmer can send correct  i n s t ruc t ions  t o  the 
r eac t ion  cont ro l  je ts  which pos i t ion  the vehicle .  
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When photographs are being made o r  when the ve loc i ty  
cont ro l  engine is i n  use, the i n e r t i a l  reference u n i t  
measures a t t i t u d e  e r r o r s  so that the  a t t i t u d e  control  
system can be d i rec ted  t o  maintain the a t t i t u d e  required.  

A t  times when the  veloci ty  cont ro l  engine is firing, 
an  accelerometer in the i n e r t i a l  reference u n i t  furnishes  
a measurement which permits the programmer t o  cut  off the 
engine a t  the proper in s t an t .  

While Lunar Orbiter i s  in c ru i se  o r  coast ing fl ight,  
the i n e r t i a l  reference un i t  senses small o s c i l l a t i o n s  which 
can be expected t o  occur and provides signals t o  the 
a t t i t u d e  cont ro l  J e t s  f o r  cor rec t ive  ac t ion  when needed. 

a memory of the pos i t ions  of the  Sun o r  Canopus whenever 
the spacecraf t  is i n  a pos i t ion  from which its sensors  
cannot see e i t h e r  one o r  both of the bas ic  c e l e s t i a l  
reference bodies. 

In  lunar  o rb i t ,  the inertial reference u n i t  furnishes  

The i n e r t i a l  reference un i t  is contained I n  a package 
7 by 10 by 7 inches, and weighs about 13 pounds. In its 
beryllium main frame a r e  mounted three single-degree-of- 
freedom, f loated,  ra te - in tegra t ing  gyroscopes and one 
pulsed in t eg ra t ing  pendulum-type accelerometer. The 
remaining space i n  the container is f i l l e d  with the s i x  
e l ec t ron ic  modules required t o  operate the u n i t  and r e l a y  
i t s  measurements t o  the  Lunar Orbiter programmer. Its power 
requirements are low, never exceeding 30 watts a t  any point  
i n  the mission. 

Twelve Sun sensors a r e  car r ied  on Lunar Orbiter t o  
provide the c e l e s t i a l  references needed f o r  a t t i t u d e  cont ro l  
i n  p i t c h  and yaw. Four are coarse sensors, mounted under 
the corners of the heat sh ie ld  between the propel lan t  tanks 
and the ve loc i ty  control  engine. 
coarse  and f i n e  Sun sensors views through the equipment 
mounting deck which forms the bottom surface of the 
spacecraf t  . 

A combination of eight 

All Sun sensors measure the angle of spacecraf t  
devia t ion  from a d i r e c t  l i n e  t o  the  Sun and generate  an 
e l ec t ron ic  signal i n  proportion t o  the deviat ion.  
signal can then be used by the a t t i t u d e  control  system t o  
a d j u s t  the a t t i t u d e  of t he  spacecraf t .  

The 
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The star t r acke r  o r  Canopus sensor furn ishes  the c e l e s t i a l  
re fe rence  f o r  the spacec ra f t ' s  r o l l  a x i s ,  Like the  Sun 
senaors, it measures any angle o f  devia t ion  of the Lunar 
Orbiter from a d i r e c t  l i n e  t o  Canopus, and provides the 
necessary signal t o  begin a cor rec t ive  maneuver when needed. 

The star t r acke r  is designed t o  produce a series of 
recogni t ion  signals from which a star map can be constructed 
by ground con t ro l l e r s .  
that the tracker has locked onto Canopus rather than some 
o the r  star within i ts  f i e ld  of view, 

The map permits a pos i t i ve  determination 

In flight, the Canopus t r acke r  i s  used f o r  the first 
time after the Zunar Orbiter has passed through the Van Allen 
r ad ia t ion  belts -- some s ix  hours after launch. It is loca ted  
on the Iunar Orbiter's main equipment mounting deck, and 
looks outward through an  opening i n  the thermal blanket, 

A l l  parts of the a t t i t u d e  cont ro l  system are i n t e r l i nked  
by a flight e l ec t ron ic s  cont ro l  assembly. It contains  
the r eac t ion  Jet  valve d r ive r s ,  signal summing amplifiers 
and limiters, Sun sensor  amplifiers and limiters, signal 
generators,  switching arrangements and o the r  e l ec t ron ic  
c i r c u i t r y  required by the system. 

Eight r eac t ion  con t ro l  t h r u s t e r s  use n i t rogen  gas 
from a t i tanium sphere d i r e c t l y  beneath the ve loc i ty  cont ro l  
engine t o  generate the torques needed t o  move Lunar Orbiter 
i n  r o l l ,  p i tch ,  o r  yaw. Gas expelled through the t h r u s t e r s  
is d i s t r i b u t e d  through a pressure reducing valve and plumbing 
system according t o  commands issued by the programer.  

The ac t ive  maneuvering program d ic t a t ed  by the nature  
of the mission r equ i r e s  an increase of about 10 percent i n  
the quan t i ty  and pressure of ni t rogen ca r r i ed  i n  the 
s torage  b o t t l e  aboard the spacecraf t .  A similar increase  
was used on Lunar Orbiter IV. The ni t rogen b o t t l e  of 
Iiunar Orbiter E w i l l  ca r ry  16 pounds of gas a t  a pressure 
s l i g h t l y  above 4,100 ps i .  The system has been thoroughly 
checked and approved f o r  operation a t  the increased pressure.  

. ,G of the ni t rogen is  budgeted fo r  use i n  a t t i t u d e  
con t ro l  changes, for which it is regula ted  down t o  a 
pressure of 19 ps i .  About fou r  pounds are assigned t o  
the ve loc i ty  con t ro l  system t o  be used i n  pushing f u e l  
and ox id ize r  from storage tanks i n t o  the ve loc i ty  cont ro l  
engine . 
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V e l o c i t y  Cont ro l  System 

In the Orbiter E mission, a t  least four  and possibly 
f i v e  changes i n  spacecraf t  veloci ty  will be required after 
the  launch vehic le  has completed its work. 

The first w i l l  be a midcourse cor rec t ion  planned f o r  
about 20 t o  30 hours a f t e r  l i f t o f f .  Since. launch vehicle  
targeting f o r  Mission V has been expressly designed f o r  the 
high i n c l i n a t i o n  o r b i t  t o  be used, the  mid-course cor rec t ion  
should be r e l a t i v e l y  small. 

mid-course cor rec t ion  if required. 
Su f f i c i en t  f u e l  will be aboard t o  permit a second 

The most c r i t i c a l  ve loc i ty  change will come a f t e r  89 
hours of f l ight ,  as Lunar Orbiter E nears  the Moon. 

There the ve loc i ty  control  engine must execute a prec is ion  
firing maneuver t o  slow the Orbiter enough t o  allow it t o  
e n t e r  an  o r b i t  about t he  Moon. 

Two f 'urther ve loc i ty  control  maneuvers are planned t o  
addust the high poin t  (apolune) and low poin t  (per i lune)  
of the i n i t i a l  o r b i t  t o  a t t a i n  the path se lec ted  f o r  the 
major part of the Orbiter E's photographic mission. 

To make the necessary changes and t o  provide a small 
margin of e x t r a  capabi l i ty ,  the  Lunar Orbiter c a r r i e s  a 100- 
pound t h r u s t  engine and s u f f i c i e n t  f u e l  and oxid izer  t o  
make ve loc i ty  adjustments t o t a l l i n g  about 3,280 feet per 
second. 

Lunar Orbiter 's  ve loc i ty  control  engine was developed 
f o r  Pro jec t  Apollo, where it wi l l  be used i n  the Service 
Module and Lunar Module f o r  a t t i t u d e  control .  

Nitrogen t e t rox ide  is the oxid izer  and Aerozine 50 
the fue l .  
unsymmetrical dimethyl-hydrazine (UDIUIH) . Aerozine 50 is a 50-50 blend of hydrazine and 

Both f u e l  and oxid izer  a r e  s to rab le  and hypergolic;  
that is, when mixed toge ther  t h e  two l i q u i d s  burn without 
the need f o r  a u x i l i a r y  Igni t ion.  
tanks div ide  the  fuel and oxidizer  t o  minimize changes i n  
the spacecraf t ' s  cen ter  of gravity as propel lan ts  are consumed. 
About 265 pounds of usable propel lan ts  will be ca r r i ed  i n  
the spacecraf t  tanks. 

]Lunar Orbiter's four  
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The same source of gaseous nitrogen used f o r  the 
a t t i t u d e  control  t h r u s t e r s  provides a pos i t i ve  method t o  
push the propel lan ts  from t h e i r  tanks i n t o  the ve loc i ty  
cont ro l  engine when required.  Each tank has within it a 
t e f l o n  bladder which exe r t s  a pos i t ive  pressure aga ins t  
the l i q u i d  when ni t rogen i s  admitted t o  the opposite face. 
The tanks are pressurized t o  about 200 pounds per  square inch. 

Tank pressur iza t ion  w i l l  be commanded a shor t  time 
before the first midcourse maneuver. When the  maneuver is 
t o  begin, t he  a t t i t u d e  cont ro l  system places  the spacecraf t  
I n  a n  a t t i t u d e  based on ground canputations and the 
programmer transmits an opening signal t o  solenoid valves 
on the  f u e l  and oxid izer  l i nes .  Thrusting begins 
when the fuel and oxid izer  mix and burn i n  the  engine's  
combustion chamber. 

While thrust ing,  the  accelerometer I n  the  i n e r t i a l  
re fe rence  u n i t  constant ly  measures the change i n  ve loc i ty  
as it occurs, and when the  desired increment is achieved, 
the solenoid valves are commanded t o  c lose and the engine 
s tops firing. 

The ve loc i ty  control  system is  capable of as much as 
710 seconds of operation and a dozen o r  more engine operating 
cycles.  

Cammunications Sys t e m  

system compatible with the  ex is t ing  NASA Deep Space Network 
and capable of operat ing i n  a variety of modes. 

The Lunar Orbiter communication system is  an S-band 

It enables the spacecraf t  t o :  

Receive, decode and ver i fy  cammands sen t  t o  the space- 
c r a f t  from Earth; 

Transmit photographic data, information on the lunar 
environment gathered by the rad ia t ion  and micrameteoroid 
d e t e c t v s ,  as well as information on the perfonnance of 
the spacecraf t ;  

mation is being transmitted,  and a low power mode at 
o ther  times; 

t ransmi t t ing  power mode and t o  t u r n  the t r ansmi t t e r  off 
and on. 

Operate I n  a high power mode when photographic infor -  

Provide by ground command the a b i l i t y  t o  choose the 

-more- 
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I 

The heart of the Lunar Orbiter's communication 
system is a transponder basically similar to the type 
flown on Mariner IV. 

The transponder receives a transmitted command from 
Earth andpasses it to a decoder where is is stored tempora- 
rily. 
the transponder to verify that it has been correctly received. 
When verification is confirmed, an executive signal is sent 
from mrth causing the decoder to paas the connnand along 
to the programmer for Immediate or later use as required. 
The command transmission rate is 20 bits per second. 

The command is then re-transmitted to Earth through 

In the tracklng and ranging mode, the transmitting 
frequency of the transponder is locked to the frequency of 
the signal being received fram Earth in a precise ratio. 
The signals can then be used to determine the radial 
velocity of the spacecraft to an accuracy of about one 
foot per second. When interrogated by the Deep Space 
Network ranging system, the transponder signal wlllmeasure 
the distance between the Earth and the spacecraft with an 
accuracy of about 100 feet. 

A low power operating mode delivers spacecraft per- 
formance telemetry and data from the lunar environment 
experiments (radiation and meteoroids) to Earth at 50 bits 
per second. Telemetry is in digital form, and has been 
passed through a signal conditioner, a multiplexer encoder 
and a modulation selector before transmission. 

A high power communication mode is used to transmit 
photographic data in analog f o m  and brings into use the 
spacecraftb high gain antenna and a traveling m v e  tube 
amplifier. 
mixed with the photographic information in the transmission. 

During photographic data transmission, the spacecraft 
uses a lO-watt transmitter and a high gain antenna. At 
other times, a one-half watt transmitter and a low gain 
antenna are used to conserve battery power. 

82-inch b o a .  
shield is jettisoned. 
with a positive locking latch to keep the boom in deployed 
position. 
is virtually annidirectional. 

Performance and environmental telemetry w i l l  be 

A low gain antenna is hinge-rsounted 8t the end of an 
It is deployed in space after the heat 

The radiation pattern of the low gain antenna 

The hinge is spring loaded and fitted 
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-24 - 

By contrast ,  t he  high ga in  antenna which is used when 
p i c t u r e s  are t ransmi t ted  is qu i t e  d i rec t iona l ,  having a 10- 
degree beam width. It is therefore equipped with a r o t a t i o n a l  
mechanism so that it can be cor rec t ly  pointed toward the 
Earth s t a t i o n  rece iv ing  its transmissions. 

The high ga in  antenna is a 36-inch parabol ic  dish of 
lightweight honeycomb construction. It is mounted on the 
end of a 52-inch boom and is deployed after heat shield j e t t i s o n  
i n  the same way as the low ga in  antenna. 
and feed weigh only two and one-third pounds. 

The antenna dish 

A motor dr iven gear box a t  the base of the high ga in  
antenna boom allows the boom t o  be ro t a t ed  i n  one degree 
s t e p s  t o  poin t  the antenna accura te ly  toward the Earth receiver .  

Temperature Control System 

cont ro l  system t o  car ry  away heat generated by the energy 
used i n  operat ion and t o  l i m i t  the amount of heat absorbed 
Wen the spacecraf t  is i n  d i r e c t  sunl ight .  

.Lunar Orbiters are equipped with a passive temperature 

The e l l i p t i c a l ,  near-polar o r b i t  planned f o r  Unar 
Orbiter E wi l l  expose the spacecraf t  t o  v i r t u a l l y  constant 
sunl ight  f o r  the first 30 days of its flight, The low 
per i lune  from which photographs will be made will subjec t  
it t o  more heat rad ia ted  from the Moon than Orbiter I V  
experienced, 

For these two reasons, spec ia l  steps have been W e n  
t o  allow the spacecraf t  t o  r e j e c t  more solar heat than  
Its predecessors. 

the equipment mounting deck which forms the bottom of 
Unar Orbiter. 

A l l  sides of the spacecraf t  are well  insulated,  except 

The mounting deck forms a heat sink t o  dissipate 
heat generated by equipment Inside the spacecraf t .  

Most of the mounting deck area i s  coated with a 
s p e c i a l  white r e f l e c t i v e  paint .  Additional pro tec t ion  was 
provided f o r  Wnar Orbiter IV by cementing t o  the  pa in ted  
surface a number of small mirrors, each one inchi square. 

For Lunar Orbiter E, the number of mir rors  has been 
increased t o  a t o t a l  of 529. By r e f l e c t i n g  sunl ight  falling 
on the deck, the mir rors  compensate f o r  the added heat loads 
t o  which t h e  spacecraf t  is exported. 

-more= 
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On Orbiter's upper surface, the heat shield on which 
the velocity control engine is mounted I s  insulated, and 
the entire surface of the spacecraft between the upper 
and lower decks is  covered with a multi-layer thermal blanket 
composed of alternating layers of aluminized mylar and 
dacron cloth, 
effectively prevents solar heat from reaching the inside 
of the spacecraft, 

The highly reflective aluminized mylar 

During flight from the Earth t o  the Moon, Lunar 
Orbiter's temperature inside the thermal blanket varies 
between 40 and 75 degrees F. In lunar orbit, spacecraft 
internal temperatures will be around 75 degrees F. 

All external parts of the spacecraft are capable of 
withstanding full sunlight fo r  an Indefinite period. 

-more- 
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LUNAR ORBITER TASKS 

Lunar O r b i t e r  E's primary object ive i s  t o  obtain photography 
of s c i e n t i f i c a l l y  i n t e r e s t i n g  sites on the Moon, including 
l a n d i n g  s i t e s  accessible  t o  Apollo, Surveyor and e a r l y  Apollo 
Applications Program missions. 

The spacecraf t  will f l y  a d i s t r ibu ted  mul t i - s i te  type of 
mission which wi l l  include broad survey photography of por t ions  
of t he  Moon's h i d d e n  s i d e .  

Much of the mission i s  intended t o  enlarge s c i e n t i f i c  under- 
s t a n d i n g  of lunar  surface fea tures  by obtaining telephoto 
p i c tu re s  of se lec ted  si tes t o  support more de ta i led  analysis 
and i n t e r p r e t a t i o n  than has h i the r to  been possible.  Some of 
the science si tes t o  be photographed were selected on the basis 
of Lunar O r b i t e r  IV's f ron t s ide  survey; i n t e r e s t  i n  o thers  
was confirmed by that f l i gh t .  

The goals  of increased s c i e n t i f i c  knowledge of the Moon 
were stated i n  1963 by the P r e s i d e n t ' s  S c i e n t i f i c  Advisory 
Committee : 

' I .  , .The cen t r a l  problems around which s c i e n t i f i c  
interest  i n  the  Moon revolve concern i t s  o r i g i n  
and h i s to ry  and i t s  re la t ionship  t o  the Earth and 
the s o l a r  system. The Moon is  a r e l a t i v e l y  un- 
spoiled body, i t s  surface not having been subject  
t o  wear and tear  or'erosion by an  atmosphere and 
water. Hence a study of i t s  surface may t e l l  u s  
i t s  h is tory ,  i t s  age, whether i t  was formed when 
the s o l a r  system was formed, whether a t  some t i m e  
i t  was separated from Earth o r  whether i t  w a s  
captured by Earth at  some t i m e  i n  i t s  h is tory .  
Answers t o  these questions may profoundly a f f e c t  
our  v iews  of evolution of  the s o l a r  system and 
i t s  place,  as w e l l  as man's, I n  the larger scheme 
of t h i n g s , .  . I t  

I n  pu r su i t  of those goals,  t h e  Apollo, Orbiter, Surveyor 
and Ranger programs have been carr ied forward as a n  Integrated 
e f f o r t  t o  explore the Moon with manned and unmanned space- 
craf  t , 

The first three Lunar Orbiters had  as the i r  prime objec t ive  
the loca t ion  and confirmation of si tes s u i t a b l e  f o r  early 
manned Apollo and unmanned Surveyor landings.  

Apollo l a n d i n g  sites which had been i d e n t i f i e d  from O r b i t e r  
photography , 

I n  April ,  1967, NASA announced se l ec t ion  of eight c a n d i d a t e  
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The fou r th  Orbiter m i s s i o n  completed i n  May, 1967, was 
designed t o  serve general s c i e n t i f i c  needs  and t o  prepare the 
way f o r  f u t u r e  o r b i t a l  and l a n d i n g  missions. 
survey of 90 per cent  of the  Moon's f r o n t  face  will s t a n d  f o r  
many years as the d e f i n i t i v e  source of lunar surface informa- 
t ion .  

Its telephoto 

Lunar Orbi te r  E will build upon the r e s u l t s  of i t s  
predessors i n  f i v e  major ways: 

--- It will r e v i s i t  f i v e  candidate Apollo l a n d i n g  sites 
t o  extend coverage obtained on the first three O r b i t e r  missions 
and t o  look more c lose ly  a t  some peripheral areas which appear 
promi s i n g ;  

--- It w i l l  sample with near-vertical  photography a number 
of sites p o t e n t i a l l y  s u i t a b l e  f o r  candidate l a n d i n g  si tes i n  
the Apollo Applications Program. 
areas which appear reasonably smooth with nearby f ea tu res  of 
s c i e n t i f i c  interest  . 

The s i t e s  combine l a n d i n g  

--- It will photograph a number of si tes which luna r  
s c i e n t i s t s  consider of high in te res t ,  al though many l i e  i n  
rugged areas unsuited t o  early manned landing and exploration. 

-0- It will survey areas of in te res t  f o r  p o t e n t i a l  
Surveyor landings; and 

--- It w i l l  add t o  the h i d d e n  s i d e  coverage obtained by 
Orbiters I through IV t o  raise from 60 per  cent t o  a poss ib le  
95 per  cent the Lunar Orbi te r  telephoto and wide  angle 
photography of the Moon's f a r  s i d e .  

of s c i e n t i f i c  inqui ry  though the  following experiments: 

shape of the Moon; 

and i n  o r b i t  near the Moon; 

Lunar Orbi ter  E will contribute t o  three addi t iona l  areas 

--- Selenodesy, the study of  the g rav i t a t iona l  f i e l d  and 

-0- Meteoroid measurements along the t rans lunar  t r a j e c t o r y  

--- Radiation measurements i n  c i s luna r  and near-lunar space. 

Information obtained from the selenodesy experiment w i l l  
increase knowledge of the Moon's g r a v i t a t i o n a l  f i e l d  obtained 
through d e t a i l e d  t racking of Orbiters I through IV. Lunar 
Orbiter E w i l l  f l y  i n  a high inc l ina t ion  o r b i t  l i k e  Orbiter 
N, but the  lower per i lune  planned f o r  the mission will be 
more s e n s i t i v e  t o  small g rav i t a t iona l  e f f e c t s  and hence a more 
useful  cont r ibu tor  t o  selenodesy. 
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P r i o r  t o  the Lunar Orbiter program, de t a i l ed  knowledge of 
t he  Moon's g r a v i t a t i o n a l  f i e l d  d i d  not e x i s t .  After fou r  
successfu l  missions, i t  i s  now possible  t o  p red ic t  o r b i t a l  
lifetimes accurately and t o  operate spacecraf t  with confidence 
i n  o r b i t s  c lose ly  approaching the  surface of the Moon. 

Meteoroid and rad ia t ion  data are gathered pr imari ly  f o r  
spacecraf t  performance ana lys i s  but a l s o  are of considerable 
s c i e n t i f i c  interest .  

Lunar Photography 

Lunar photography i s  Orbiter's p r i n c i p a l  assignment, and 
the Orbiter E mission has been b u i l t  around the  requirement 
t o  obta in  high q u a l i t y  photographs of se lec ted  loca t ions  on 
the lunar surface i n  de ta i l  f a r  exceeding that v i s i b l e  through 
the best Earth-based telescopes.  

The Orbiter E f l i g h t  has been planned t o  y i e ld  a maximum 
of s c i e n t i f i c  information about the luna r  areas t o  be photo- 
graphed. 

NASA engineers expect t o  operate t h e  Orbi te r  E camera i n  
a v a r i e t y  of modes depending on the p a r t i c u l a r  target. 
w i l l  be some single  frame photography and some i n  fast o r  
slow sequences of fou r  o r  eight frames. 

There 

Most of the s i t e  photographs will be t a k e n  from a near 
v e r t i c a l  pos i t i on  over the target, but i n  several ins tances  
oblique p i c t u r e s  of t he  lunar  surface are scheduled. A few obliques 
will be made with the camera p o i n t i n g  from east t o  w e s t ,  pro- 
v i d i n g  a panorama of a p o t e n t i a l  Apollo l a n d i n g  area as i t  
might be viewed from an  approaching manned spacecraf t .  

Over the Apollo zone, a series of s tereoscopic  te lephoto 
p i c t u r e s  i s  scheduled, t o  a i d  the  Apollo s i t e  se l ec t ion  group 
i n  measuring s lopes and r idges  i n  p o t e n t i a l  l a n d i n g  areas .  

On the Moon's h i d d e n  side,  the  camera will be operated 
from near the apolune of the  o r b i t  i n  an  overlapping fashion 
similar t o  t ha t  used on the  Lunar Orb i t e r  IV survey mission. 

During the  f i rs t  p i c t u r e  t a k i n g  o r b i t ,  the spacecraf t  i s  
scheduled t o  expose 16 frames i n  two eight-frame rapid sequences, 
one covering the  region between the North Pole and the  Equator 
and the second between the  Equator and South Pole .  After 
fou r  add i t iona l  frames a r e  taken on succeeding o r b i t s ,  enough 
exposed film will be accumulated t o  begin p r i o r i t y  readout. 

From that poin t  i n  the  mission, the number of exposures 
scheduled will v a r y  with the  targets t o  be photographed. 
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A s  on previous f l i g h t s ,  Lunar Orbi te r  p i c tu re s  w i l l  be 

t a k e n  sho r t ly  a f te r  sunr i se  on the Moon, with l i g h t  f a l l i n g  
on the  surface a t  a shallow angle t o  bring out the best  d e t a i l .  
A s  t h e  Moon tu rns  beneath t h e  spacecraf t ,  succeeding areas  
t o  be photographed come i n t o  view o f  the camera on every o r b i t .  

The h i d d e n  s ide  photography will be made j u s t  before luna r  
sunset t o  achieve a comparably good l i gh t ing  angle. 

Targets on the f r o n t  face  o f  t he  Moon will be photographed 
on the ascending node of t he  o r b i t  as the spacecraf t  i s  moving 
from south t o  no r th  above t h e  l u n a r  surface.  

On the majori ty  of o r b i t s  during the  photographic phase 
of  the mission, Lunar Orbi te r  will process and t r a n s m i t  t o  
Ear th  one o r  more frames of photographic coverage. 

After completing photography, which on t h i s  mission will 
cons is t  of 213 frames, a f i n a l  p i c tu re  readout w i l l  begin. 
P r e s e n t  schedules c a l l  f o r  taking the f irst  p i c t u r e s  on Aug. 
6, the f i n a l  frame on Aug. 19, and f i n i s h i n g  f i n a l  readout by 
Aug. 27. 

Readout of a complete frame -- one wide angle p i c t u r e  with 
a te lephoto p i c t u r e  centered w i t h i n  i t  -- takes about 43 minutes. 
Under  some operat ing conditions,  Lunar Orbi te r  spacecraf t  
have been able t o  read and t r a n s m i t  as many as three frames 
per  o r b i t .  For readout i t  i s  necessary t o  have the spacecraft  
i n  sunl ight  with i t s  high g a i n  antenna p o i n t e d  a t  one of the 
Deep Space N e t  receiving s t a t i o n s .  

Select ion of t he  target sites t o  be photographed by the 
f i f t h  Lunar O r b i t e r  w a s  made by a NASA Surveyor-Orbiter Ut i l iza-  
t i o n  Committee. The se l ec t ion  was based on a consideration of 
s c i e n t i f i c  i n t e r e s t s  and on the requirements of the Apollo, 
Surveyor, and Apollo Applications programs. The committee worked 
from recommendations drawn up after extensive consul ta t ion among 
exper t s  from NASA's Planetology Subcommittee, the Lunar Orbib:er, 
Surveyor, Apollo and Apollo Applications Programs, Bellcomm, 
the U. S. Geological Survey, University of Arizona, and NASA 
Headquarters . 

The f i v e  p o t e n t i a l  Apollo l a n d i n g  s i tes  t o  be r e v i s i t e d  
during the Lunar O r b i t e r  E mission are l i s t e d  i n  the following 
table. The Roman numerals r e f e r  t o  the previous Orb i t e r  mission 
on which each was a prime t a rge t  s i te .  
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By fa r  the l a r g e r  part of Lunar Orbi ter  E ' s  pkoto budget -- 
168 frames out  of 213 o r  79 per  cent -- will be devoted t o  sites 
of primary interest  t o  science. A number of the s i tes  are 
p o t e n t i a l  areas of i n t e re s t  f o r  projected missions i n  the Apollo 
Applications Program. 

Forty-two spec i f i c  l o c a t i o n s  have been scheduled f o r  
s c i e n t i f i c  photography, ranked i n  order  of p r i o r i t y .  

Those of highest p r i o r i t y  w i l l  receive more in t ens ive  cover- 
age of a t  least four  and i n  some cases  e ight  frames of near- 
ver t ical  photography. The fast coverage mode of camera operation 
will be used, providing a generous overlap i n  the p i c t u r e s  taken.  
One s i te  will be covered by four  exposures i n  the slow mode which 
reduces the amount of overlap and increases  the area covered. 

I n  the highest p r i o r i t y  group are such well-known lunar 
f ea tu res  as: 

-- Copernicus, of which the outstanding oblique views made 
by Lunar Orbi ter  I1 remain a highl ight  of lunar photography; 

-- Aristarchus,  a s i t e  i n  which Earth-based i n f r a r e d  measure- 
ments  showing a very high thermal anomaly have aroused unusual 
i n t e r e s t ;  

and 4O45' South; 
-- Hipparchus, a candidate Surveyor s i t e  a t  4'05' E a s t  

-- Tycho, a fresh rayed c r a t e r  that throws l i n e a r  rays  over 
the e n t i r e  f r o n t  face  of t h e  Moon; 

-- Hyginus r i l l e ,  a la rge  f e a t u r e  i n  which v e r y  fresh 

-- Cobra Head, a n  unusual f ea tu re  a t  49O30' and 25O09' North 

craters of volcanic o r i g i n  a r e  a l i g n e d  along a sunken val ley;  

which i s  the  source of the V a l l i s  Schroter i ,  a narrow va l ley  
within a v a l l e y ;  and 

-- Harbinger Mountains, a complex volcanic area with sinuous 
r i l l e s .  

The second p r i o r i t y  group of science s i t e s  will be less 
in t ens ive ly  photographed, although several  oblique v iews  are 
scheduled. They include the  Alpine  Valley, which was photographed 
i n  the  near-ver t ical  mode by Lunar Orbi te r  IV; the  A l t a i  Scarp; 
and the c r a t e r  Messier. 

T h i r d  i n  s c i e n t i f i c  p r i o r i t y  i s  a group of  s i tes  which 
will be p r inc ipa l ly  covered with s ingle  frame near-ver t ical  
photography, although i t  contains f i v e  loca t ions  scheduled t o  
receive fast  sequences of four  frames each. An oblique photo- 
graph of the North Pole region i s  included i n  the t h i r d  p r i o r i t y  
group 
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Selenodesv 

Major unce r t a in t i e s  about the d e t a i l e d  nature of the Moon's 
g r a v i t a t i o n a l  f i e l d  were dispel led by the s c i e n t i f i c  contribu- 
t i o n s  of Lunar Orb i t e r s  I, 11, 111, and I V ,  and as a r e s u l t  opera- 
t i o n s  i n  l una r  o r b i t  can now be conducted with considerable con- 
f idence.  

Although w e  now possess enough knowledge of the luna r  
g r a v i t a t i o n a l  f i e l d  t o  operate spacecraf t  f r e e l y  i n  lunar  o r b i t ,  
there i s  a requirement f o r  much more d e t a i l e d  study and Lunar 
O r b i t e r  E, l i k e  i t s  predecessors, w i l l  be tracked w i t h  ca re  i n  
i t s  high inc l ina t ion ,  low a l t i t u d e  o r b i t .  

The Moon, according t o  the best e x i s t i n g  analysis ,  i s  rela- 
t i v e l y  "smooth," that i s ,  i t s  g rav i t a t iona l  f i e l d  does not appear 
t o  possess large or unusual var ia t ions.  It i s  s u f f i c i e n t l y  non- 
uniform t o  produce small changes i n  the t rack  of any s a t e l l i t e  
around it, and these small changes, s u i t a b l y  evaluated by com- 
plex computer programs, permit sc ien t i s t s  t o  deduce from t racking  
data f u r t h e r  information about l una r  gravi ty .  

Selenodetic ana lys i s  of the  t racking  data of Lunar Orbi te rs  
I through I V  has yielded a descr ipt ion of the lunar  g r a v i t y  
f i e l d  which will be used i n  making operat ional  l i fe t ime predic t ions  
f o r  managing the mission of Lunar Orbi te r  E. Post f l i g h t  
ana lys i s  of the t racking data of Lunar O r b i t e r  E w i l l ,  i n  a long 
range sense, cont r ibu te  t o  fu tu re  manned and unmanned missions 
near the Moon. 

Pr inc ipa l  i nves t iga to r  f o r  the Lunar O r b i t e r  selenodesy 
experiment i s  Dr. W i l l i a m  H. Michael, Jr., Head of the Mission 
Analysis Section, NASA Langley Research Cen te r .  Co-investi- 
g a t o r s  are Robert H. Tolson, Langley; and Jack Lore l l  and Warren 
M a r t i n  of N A S A ' s  Jet  Propulsion Laboratory. 

Meteoroid Measurements 

O r b i t e r  E will carry 20 pressurized-cell  de tec tors  t o  ob- 
t a i n  more d i r e c t  information on the presence of meteoroids i n  
the near-lunar environment. 

As the photographic system i s  enclosed i n  a t h i n - w a l l e d  
aluminum container  which provides a control led pressure and  
humidity environment f o r  t h e  operation of t he  camera system, a 
puncture of this container  wall by meteoroids could r e s u l t  i n  
performance degradation o f  t h i s  system. I f  such a degradation 
occurs, the meteoroid data could give c l u e s  t o  i t s  cause. 

-more- 



Thus, the  me teo ro id  information will guide designers of 
f u t u r e  spacecraft  by determining what hazard, i f  any, should be 
expected from meteoroids -- small p a r t i c l e s  of so l id  matter which 
move a t  very high speeds i n  space. 

were made i n  the instrument shops o f  the  Langley Research 
C e n t e r .  Each i s  shaped l i k e  a h a l f  cyl inder  seven and one- 
half inches long. 

The 20 pressurize6-cell  detectors  mounted on Lunar O r b i t e r  

The puncture-sensit ive skin of each half cyl inder  i s  beryl- 
l ium copper 1/1,000-inch t h i c k .  The de tec tors  a r e  mounted 
girdle-wise outs ide the  Lunar O r b i t e r ' s  thermal blanket ,  on 
brackets  attached t o  the f u e l  tank deck of the  spacecraf t .  

A t o t a l  surface a rea  of three square f e e t  i s  provided by 
the  20 c e l l s .  

A t  launch, each c e l l  i s  pressurized w i t h  he1iu.n gas. If 
a meteoroid punctures the t h i n  beryllium copper s k i n  the  helium 
leaks away, and  a s e n s i t i v e  metal diaphragm ins ide  the half 
cy l inder  de t ec t s  t he  loss of pressure and c loses  a switch t o  
i n d i c a t e  that a puncture has occured. Periodic sampling of the 
pressure c e l l  switches by telemetry ind ica t e s  whether any have 
been punctured. 

Exper imenter  f o r  the meteoroid measurements i s  Charles A. 
Gurt ler ,  Head of the Sensor Development Section of the Langley 
Research C e n t e r ' s  F l igh t  Instrumentation Division., Project  Engi- 
neer i s  Gary W. G r e w  of Langley. 

Radiation Measurements 

The  photographic f i lm aboard Lunar Orbi te r  i s  s e n s i t i v e  
t o  r ad ia t ion  exposure and t he  supply reel i s  shielded t o  reduce 
the p o s s i b i l i t y  of damage. 

spacecraf t  may be subjected on i t s  way t o  the  Moon and during 
luna r  o r b i t s ,  two s c i n t i l l a t i o n  counters are included among i t s  
i n s t r u m e n t s .  One measures the  dosage  a t  t he  f i l m  supply reel  
and the o the r  the dosage a t  the s torage looper. 

Although the i r  primary job i s  t o  report  rad ia t ion  i n t e n -  
s i t ies which might be hazardous to  the f i l m ,  they w i l l  supply 
addi t iona l  information about the r ad ia t ion  found by Lunar  O r -  
b i t e r  along i t s  f l i g h t  path, 

Experimenter  f o r  the Radiation Measurements i s  D r ,  Trutz  

To report  t he  ac tua l  amounts of rad ia t ion  t o  which the 

Foelsche, S t a f f  S c i e n t i s t  of the Langley Research Center's 
Space Mechanics Division. 

-more- 



. 

ATLAS-AGENA-D LAUNCH VEHICLE 

An Atlas-Agena launch vehicle w i l l  boost Lunar Orb i t e r  E 
from Launch Complex 13 a t  Cape Kennedy f o r  an  approximate parking 
o r b i t  of 115 miles  before i n j e c t i n g  the  spacecraf t  on i t s  
t r a j e c t o r y  t o  the  Moon. 

The upper-stage Agena must start the  spacecraf t  on i t s  
way t o  the Moon through a narrow t rans lunar  i n j e c t i o n  poin t  
some 119 miles  above the  Earth's surface,  In j ec t ion  ve loc i ty  
i s  24,400 mph, p lus  o r  minus a n  e r r o r  l e s s  than 42 mph, 

Early t r ack ing  data f rom African and Australian si tes will 
provide a good indica t ion  of the vehicle  performance and a n  
estimated spacecraf t  ve loc i ty  shor t ly  after spacecraf t  i n j ec t ion ,  
but f i n a l  numbers w i l l  not be avai lab le  u n t i l  the Deep Space 
Network s t a t i o n s  have tracked Orbiter f o r  some time, 

Atlas-Agena S t a t i s t i c s  

Total  height on pad lo5 feet 

Tota l  weight on pad 279,000 lbs.  

Height 

Atlas 

68 f e e t  

Agena 

23 feet 

Diameter 10 f e e t  5 f e e t  

Weight (a t  l i f t o f f )  261,000 l b s .  

Propel lan ts  

Thrust  

Propulsion 

Guidance 

15,600 lbs. 

RP-1 (11,530 ga l , )  unsymmetrical 
d i m e t h y l  hydrazine 
(UDMH) 585 gal. 

LOX (18,530 gal.) inh ib i ted  red 
fuming n i t r i c  acid 
( IRFNA) - 745 gal. 

391,000 lbs. 16,100 lbs. at  
a1 t i tude 

2 Rocketdyne boosters,  Be l l  Aerosystems 
1 sus t a ine r  and 2 Engine 
v e r n i e r s  

G.E. Mod I11 Lockheed i n e r t i a l  
reference package 
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Prime Contractor General Dynamics, 
Convair Division, 
San Diego, Calif. 

Lockheed Missiles & 
Space Co. , Sunnyvale, 
Calif . 
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DEEP SPACE NETWORK 

The NASA Deep Space Network (DSM) cons i s t s  of a number of 
permanent space communioations s t a t i o n s  placed a t  i n t e r v a l s  
around the world; a spacecraf t  monitoring s t a t i o n  a t  Cape Kennedy, 
and t h e  Space F l igh t  Operations F a c i l i t y  (SFOP) i n  Pasadena, Calif. 

P e m n e n t  s t a t i o n s  include four  si tes a t  Goldstone, i n  t h e  
Mojave Desert ,  Calif . ;  two sites i n  Austral ia ,  a t  Woomera and 
T idb lnb i l l a  near  Canberra; Robledo and Cebreros sites, near  
Madrid, Spain; and Johannesburg, South Africa. A l l  are 
equipped w i t h  85-foot-diameter antennas except t he  s i te  a t  
Goldstone which has one 210-foot-diameter antenna. 

The DSN is under the technical  d i r e c t i o n  of the J e t  Propul- 
s i o n  Laboratory fo r  N A S A ' s  Office of Tracking and Data Acquisi- 
t ion .  Its mission is t o  track, communicate, receive telemetry 
from and send commands t o  unmanned luna r  and p lane tary  space- 
craft from the t i m e  they a r e  injected i n t o  o r b i t  u n t i l  they com- 
plete  the i r  missions . 

The DSN uses a Ground Communications System for operat ional  
con t ro l  and data transmission between these s t a t ions .  The Ground 
Communications System is part of a larger ne t  (NASCOM) which links 
a l l  of the NASA s t a t i o n s  around the world. T h i s  ne t  is under the 
t echn ica l  d i r e c t i o n  of the Goddard Space Fl ight  Center, Greenbelt, 
Md . 

The Goldstone DSN s t a t i o n s  are operated by J P L  w i t h  the  as- 
s i s t a n c e  of the  Bendix Field Engineering Corp. JPL  a l s o  operates  
the Robledo and Cebreros s i t e s  under an agreement with the  Spanish 
government. Technical support  is provided by Bendix. 

The Woomera and Tidbinbi l la  s t a t i o n s  are operated by the 
Austral ian Department of Supply, The Johannesburg s t a t i o n  is  
operated by the South African government through the  Council of 
S c i e n t i f i c  and I n d u s t r i a l  Research and the National I n s t i t u t e  
f o r  Telecommunications Research. 

S ta t ions  of the network receive r ad io  s igna l s  from the 
spacecraft ,  amplify them, process them t o  separate the data 
from the  c a r r i e r  wave and transmit required por t ions  of t he  
data t o  the SFOF i n  Pasadena v ia  high-speed data l ines ,  r ad io  
links, and teletype. The s t a t i o n s  are a l s o  l inked with the 
SFOF by voice l i nes .  All incoming data are recorded on magnetic 
tape. 

The DSN s t a t i o n s  assigned t o  the Lunar O r b i t e r  p ro jec t  are 
the Echo s t a t i o n  at  Goldstone, Woomera, and Madrid. Equipment 
has been i n s t a l l e d  a t  these s t a t i o n s  t o  enable them t o  rece ive  
p i c tu re  data from the  Lunar  Orbi ter  spacecraf t .  
three s t a t i o n s  are located approximately 120 degrees apart 
around the world, a t  least one w i l l  always be able t o  communi- 
c a t e  w i t h  t he  spacecraft as it t r a v e l s  toward the Moon. 

Since these 
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The Space Flight Operations Center (SFOF) at JPL, the com- 
mand center 'for the D S N  stations, will be the primary mission 
control point. The overseas stations and Goldstone are linked 
to the SFOF by a communications network, allowing tracking and 
telemetry information to be received and displayed in real time. 
Key personnel for the.I;unar Orbiter program will be stationed 
at SFOF during the spacecraft's flight. Commands will be gen- 
erated at SFOF and transmitted to the DSN station for relay to 
the spacecraft. 

Data Acquisition 

The Lunar Orbiter spacecraft was designed for maximum com- 
patibility with existing equipment installed at DSN stations. Ad- 
ditional equipment installed at the three Deep Space Network sta- 
tions assigned to the Lunar Orbiter project includes three racks 
of telemetry and command equipment and four racks of equipment 
associated with the processing and recording of photographic in- 
formation fran the spacecraft. 

Spacecraft tracking and ranging is accomplished by existing 
DSN equipment at the stations. Telemetry data, including space- 
craft housekeeping information and data gathered by meteoroid and 
radiation sensors is routed to performance telemetry equipment 
and recorded on magnetic tape. The output from this equipment is 
fed directly 'to the SFOF via high speed data lines or teletype. 

Video data are routed from the receiver at the D S N  station 
A video signal to photographicground reconstruction equipment. 

is generated on board the spacecraft as the scan beam passes back 
and forth across the photographic negative. The signal I s  trans- 
mitted to Earth where it is magnetically taped and displayed line 
by line on a kinescope. 

The face of the kinescope is photographed by special 35mm 
cameras at the DSN stations, converting the videoinformation 
back to photographic image. Two 35mm film records are made at 
each DSN station. Portions of this film are processed at the 
station so that picture quality may be judged and corrections 
made, if necessary, to the spacecraft camera or readout system 
to Improve the quality of subsequent pictures. 

Each of these 35mm framelets measures approximately 3/40 
inch wide by 16-3/4 inches long, and represents a portion of 
the ori inal film on board the spacecraft only l/lO-inch wide 
and 2.1 % 5 inches long. By carefully assembling a series of 
these framelets, scientists will be able to reconstruct a dup- 
licate about seven times as large as the original negative stored 
on the spacecraft. This work will be accomplished at the U.S. 
Army Map Service, Washington, D.C. 

-more- 
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Data Evaluation 

Although eventual reassembly and f i n a l  p r in t ing  of 
Lunar O r b i t e r E  photography w i l l  be done by the Army Map 
Service Laboratories, t he re  will be preliminary reassembly i n  
NASA f a c i l i t i e s  (at Pasadena and the Langley Research Center 
t o  provide early mater ia l  f o r  screening. ' 

Later  and more de t a i l ed  evaluations of the  photographs w i l l  
be made by individual  lunar  s c i e n t i s t s ,  members of  the U.S. 
Geological Survey, and representa t ives  o f  severa l  U.S. Govern- 
ment mapping agencies, as well  as NASA s c i e n t i s t s .  

-more- 
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ATLAS-AGENA/LUNAR ORBITER E M I S S I O N  

The launch opportunity for each day i n  August is  determined 
both by the relative posi t ions of the E a r t h  and Moon and by 
the Orbi ter  spacecraf t ' s  requirements f o r  sunl ight  during i ts  
90-hour t r i p  to  the Moon. The approximate launch times, sub- 
j e c t  t o  f i n a l  tracking and range r e s t r i c t ions ,  f o r  August are: 

x 
Aug. 1 

Window Opens (Em1 Window Closes (EDT) 

4:Og p.m. 8:oo p.m. 

Aug. 2 5:56 p.m. 9 9 8  p.m. 

Aug. 4/5 

7:40 p.m. 

9:22 p.m. 

10:56 p.m. 

12:24 a.m. 
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Countdown Events 

Event 

S t a r t  Countdown 

Autopilot System Tests 

Atlas Bat tery Load Checks 

S t a r t  UDMH Tanking 

Fin ish  UDMH Tanking 

Remove Gantry 

S t a r t  I R F N A  Tanking 

Fin ish  IRFIJA Tanking 

Bui l t - in  Hold of  50 minutes 
(To meet launch window requirements) 

S t a r t  LOX Tanking 

Autopi lot  F ina l  T e s t  

F ina l  Systems Check 

Telemetry F ina l  Warmup 

Bu i l t - i n  Hold of  10 minutes 
ITo meet launch window requirements) 

Telemetry t o  I n t e r n a l  

Destruct A r m e d  

Secure LOX Tanking 

Atlas t o  I n t e r n a l  Power 

Hold f o r  Automatic Sequencer 

I g n i t i o n  

Atlas engines t o  f u l l  t h r u s t  

L i f t o f f  

Minus Time (Minutes) 

425 

185 

185 

155 

135 

125 

100 

90 

60 

45 

25 

25 

25 

7 

3: 30 
2: 30 

2 

1: 40 

18 seconds 

4 seconds 

2 seconds 

0 seconds 

-more- 



Major Fl ight  Events 

The vehic le ' s  ac tua l  a l t i t u d e  and veloci ty  during 
f l i g h t  determine the  exact times of all programmed events. 
For example, the  Atlas booster engines will shu t  down (BECO) 
when the  vehicle has achieved a veloci ty  of 6,625 mph and a 
posi t ion some 50 miles downrange and 33 miles high. 

The t iming of launch vehicle events a l s o  varies with the 
day and hour of launch. Thus, t h e  coast  eriod between Agena 
first and second burn can vary between 1, E 11 sec. and 634 880. 

Therefore, the  following schedule of major f l i g h t  events 
serves only as an example of AtlasOAgena events on an Orbiter 
mission. 

Event Velocit 
(milesf 

Booster Engine 6,625 
c u t  off (BECO ) 

Jo t t i son  Booster 6,704 
Section 

Sustainer E ine  
Cutoff ( S E C 3  12,650 

Vernier Engine 12,630 

J e t t i s o n  Shroud 12,628 

Cutoff (VECO) 

Atlas-Agena 12,624 
Separation 

F i r s t  Burn 
Start Agena 12,560 

End Agena 17,445 
F i r s t  Burn 

Start Agena 17,500 
Second Burn 

End Agenar 24,400 
Second Burn 

A l t  1 tude  Niles P l u s  Time 
(miles 1 Downrange (seconds) 

33 50 128 

34 55 131 

93 400 289 

100 462 309 

100 469 311 

101 475 313 

112 647 366 

115 1,214 519 

1,200 5,250 va r i e s  from 
1,241 t o  2,419 

Spacecraft 
Separat Ion 

-2,240 va r i e s  from 
1,407 t o  2,585 



a. 
c 

. 
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A t  the co r rec t  po in t  on the  ascent  t r a j e c t o r y  the rad io  
guidance system starts Agena's primary timer which cont ro ls  
all Agena events except engine shutdown. Both parking o r b i t  
and i n j e c t i o n  conditions are h igh ly  Influenced by the poin t  
on the ascent  t r a j e c t o r y  a t  which the Agena primary timer i s  
started . 

Agena's ve loc i ty  meter cont ro ls  the durat ion of  engine 
burn. It i s  p rese t  f o r  the velocity-to-be-gained i n  each 
t r a j e c t o r y  and, when that veloci ty  i s  gained, the engine is 
shut  down. That is, should Agena's 16,000-pound t h r u s t  engine 
burn a l i t t l e  ho t t e r ,  the time of a c t u a l  engine operat ion w i l l  
be sho r t e r  but  the end e f f e c t  of the des i red  vehicle  ve loc i ty  
w i l l  be the same. 

Af te r  Agena's single engine burns f o r  the f i n a l  t i m e ,  
the  spacecraf t  r e l ease  assembly pyrotechnic device i s  f i r ed  
t o  release the V-band clamp. Four spring-loaded separat ion 
mechanisms push the spacecraf t  away from the  Agena a t  s l i g h t l y  
less than one mph and the  Lunar  Orbiter spacecraf t  w i l l  be on 
i t s  t rans lunar  t r a j ec to ry .  

a yaw maneuver which w i l l  t u r n  i t  around 180 degrees i n  space. 
Then 10 minutes after separat ion,  a s i g n a l  from the primary 
timer f i r e s  Agena's retrograde rocket f o r  about 16 seconds, 
This  137-pound t h r u s t  re t rograde rocket  slows Agena by 30 miles 
pe r  hour t o  minimize the  p o s s i b i l i t y  t h a t  the  vehic le  will i n t e r -  
f e r e  with Orbi ter  o r  h i t  the Moon. 
Agana w i l l  go i n t o  a highly eccentr ic  Earth o rb i t .  

Three seconds a f te r  spacecraf t  separat ion,  Agena begins 

With i t s  launch job done, 

F i r s t  Spacecraft  Events 

Thi r ty  seconds a f t e r  the  Lunar O r b i t e r  leaves Agena, 
a sequence of spacecraf t  events is  commanded by the program- 
mer, s t a r t i n g  wi th  s o l a r  panel deployment. Next t he  two an- 
tennas are released and locked i n  t h e i r  c r u i s e  pos i t ions .  

The spacecraf t  i s  then commanded t o  begin Sun acquis i -  
t ion,  and the a t t i t u d e  con t ro l  sys tem provides the necessary 
torque t o  pos i t i on  Lunar Orbiter cor rec t ly .  Sun acqu i s i t i on  
should be complete about one hour and 15 minutes a f te r  l i f t -  
o f f ,  
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Some six and one-half hours i n t o  the f l i g h t ,  and after 
Lunar Orbi te r  has passed beyond the Van Allen r ad ia t ion  belt ,  
the Canopus sensor w i l l  be turned on, and the spacecraf t  w i l l  
be commanded t o  begin Canopus acquis i t ion.  The Canopus t r acke r  
w i l l  view a c i r c u l a r  band of the heavens while the spacecraf t  is  
making a complete r o l l ,  and the r e su l t i ng  "star map" te le-  
metered t o  Earth w i l l  confirm the  loca t ion  o f  Canopus. The 
spacecraf t  w i l l  then be commanded t o  r o l l  t o  the co r rec t  Canopus 
loca t ion  and lock on t o  the  stellar reference point  i t  w i l l  use 
throughout i t s  journey. 

F i r s t  midcourse maneuver i s  scheduled about 20 t o  30 hours 
af ter  l i f t - o f f ,  although the prec ise  time f o r  executing it w i l l  
be based on a c t u a l  f l i g h t  events, including launch accuracy 
and t racking r e s u l t s .  

A cor rec t  sequence of events derived from ground computers 
w i l l  be s tored i n  the spacecraft  programmer and a t  the se lec ted  
time, Orb i t e r ' s  a t t i t u d e  control  system w i l l  pos i t ion  the space- 
c r a f t  p rec i se ly  f o r  the veloci ty  cont ro l  engine t o  apply the 
needed thrust .  After thrust ing,  the a t t i t u d e  control  system 
r e t u r n s  the spacecraft  t o  i t s  i n i t i a l  o r ien ta t ion ,  reacquir ing 
the Sun and Canopus as references. 

Should a second midcourse correct ion prove necessary, it 
w i l l  be made about 70 hours a f t e r  launch. 

Lunar O r b i t  In j ec t ion  

During t rans lunar  f l i gh t ,  t r a j ec to ry  information provided 
by the Deep Space N e t  t racking s t a t i o n s  w i l l  be used i n  the 
Space F l igh t  Operations Facility'to compute the  ve loc i ty  change 
required t o  achieve an i n i t i a l  lunar o rb i t .  On a nominal 
mission, lunar  o r b i t  i n j ec t ion  w i l l  occur after 89 hours o f  
f l i g h t .  

A s  the Lunar Orbi te r  more deeply penetrates  the lunar  
g r a v i t a t i o n a l  f ie ld ,  a calculated a t t i t u d e  maneuver w i l l  point 
the rocket engine against the  d i rec t ion  of f l i gh t .  The co r rec t  
burn time, as computed on the ground, w i l l  be placed i n  the 
programmer . 

Then, a t  a prec ise  in s t an t ,  the  rocket engine w i l l  i g n i t e  
f o r  a burn time of  about 10 minutes i f  the spacecraf t  i s  on 
i t s  planned t ra jec tory .  Small var ia t ions  from the intended 
t r a j e c t o r y  are probable, and the engine burn time w i l l  be ad- 
jus ted  as necessary. 
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The slowed spacecraf t ,  approaching an a l t i t u d e  o f  2,500 
miles above the surface of the Moon, w i l l  no longer have 
s u f f i c i e n t  ve loc i ty  t o  continue onward aga ins t  the pull of 
luna r  gravi ty ,  and w i l l  be captured as a s a t e l l i t e  o f  the Moon. 
High po in t  of  Lunar Orbiter E ' s  i n i t i a l  o r b i t  i s  intended t o  
be 3,700 miles, with a per i lune o r  low poin t  o f  about 125 miles. 
The o r b i t  w i l l  be near ly  polar, incl ined 85 degrees t o  the Moon's 
equator.  Lunar Orbi ter  E w i l l  r equi re  e ight  hours 22 minutes 
t o  complete one c i r c u i t  of the Moon i n  i t s  i n i t i a l  o r b i t .  

After a day or more of  t racking and hidden s ide  photography 
i n  the high o r b i t ,  NASA engineers w i l l  command a f i r i n g  of 
the spacecraf t ' s  ve loc i ty  control  engine t o  lower the  per i lune  
t o  about 60 miles. A similar maneuver w i l l  be scheduled later 
t o  reduce the apolune t o  930 miles. The f i n a l  o r b i t  w i l l  have 
a period of  three hours 11 minutes. 

Then Lunar Orbiter E w i l l  begin i t s  primary task of 
gather ing detailed telephoto p i c tu re s  of areas on the Moon's 
f r o n t  face  of i n t e r e s t  t o  science, t o  Apollo, to  Surveyor, and 
t o  the Apollo Applications Program. 
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Engineer 

Lunar Orbiter Program 
Scien t i s t  

Mrector,  Launch Vehicle 
and Propulsion Programs 

Agena Program Manager 

Director 

Associate Mrec tor  

Assis tant  Mrec tor  
f o r  Flight Projects 

Chairman, Langley Research 
Center Lunar O r b i t e r  Ad- 
visory Committee 

Lunar Orbi te r  Project Mgr. 

Ass i s t an t  Manager, LWar 
Orbiter Project 
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Israel Taback Spacecraft Manager 

W i l l i a m  I. Watson Assembly and In t eg ra t ion  
G. Calvin Broome Photographic Subsystem 
J.E. Harris Power Subsystem 
Royce H. Sproul l  Veloci ty  and At t i tude  Con- 

T. W. E. Hankinson Thermal, Structure  and 
trol Subsystem 

I . W .  Ramsey 

W i l l i a m  J. Boyer 

Dal ton  D. Webb 

Donald H. Ward 
John B. G r a h a m  
Kenneth L. Wadlin 

Norman L. Crab i l l  

A.T. Young 

Edmund A. Brummer 

Gerald W. Brewer 

W i l l i a m  L. E rv i  

I .G.  Recant 

Robert L. Girouard 

Theodore H. E lder  

F . E. Jennings  

Mechanisms Subsystem 
Spacecraft Test ing 

Operations Manager 

Space F l i g h t  Operations 

Spacecraft Launch Operations 
Operations In tegra t ion  
Lunar Orbiter Resident 

Engineer, Boeing, Seattle 

Director ( SFOD) 

Mission In t eg ra t ion  Manager 

Mission Def in i t ion  

Communications and TracMng 
Manager 

Mission Assurance Manager 

Department of Defense F ie ld  
Support 

Data Analysis  Manager 

Space Vehicle System Manager 

Technical Administration 
Manager 

Funding and Schedules 

Lewis Research Center, Cleveland 

Dr. Abe S i lve r s t e in  Director 

Bruce T. Lundin Associate Director 

Dr.  Seymour C. Himmel A s s i s t a n t  Di rec tor  f o r  Launch 
Vehicles 

H. Warren Plohr  Manager, Agena Pro jec t  

Joseph A. Ziemianiski  Agena P ro jec t  Engineer 
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Kennedy Space Center, Fla.  

Dr .  Kurt H. Debus Direc tor  

Robert H. Gray Mrec to r  of Unmanned Launch 
Operations 

H a r o l d  Zweigbaum Manager, Atlas Agena O p e r a t i o n s  

J e t  P r o p u l s i o n  L a b o r a t o r y ,  Pasadena,  C a l i f .  

Dr .  W i l l i a m  H. P i c k e r i n g  Di rec t  o r  

Gen. A.R. Luedecke 

Dr .  E b e r h a r d t  Recht in  

John T h a t c h e r  

J .R.  H a l l  

Walter E. L a r k i n  

Howard Olson 

Joseph Feary 

Phil T a r d a n i  

R. J. Fahnestock 

D. Willshire 

Robert T e r b e c k  

Doug Hogg 

Deputy Direc tor  

As si s t a n t  L a b o r a t o r y  
Director  f o r  T r a c k i n g  
and  Data Acqu i s i t i on  

T r a c k i n g  and  Data Systems 
Manager 

L u n a r  Orb i t e r  DSN Manager 

JPL  Engineer- in-Charge,  
G o l d s t o n e ,  Calif . 

Echo S t a t i o n  Manager, Gold- 
s tone 

JPL  S t a t i o n  Manager, 
Cebreros si te,  Madrid,  Spain 

JPL DSN R e s i d e n t ,  Madrid 

JPL DSN R e s i d e n t ,  Australia 

S t a t i o n  Manager, Woomera 

J P L  DSN R e s i d e n t ,  Johannesburg 

JPL Sta t ion  Manager, 
J o h a n n e s b u r g  
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Indus t r i a l  Team 

Seattle, Wash., which des igned ,  b u i l t  and tested the space- 
c r a f t .  Major subcontractors t o  Boeing are the Eastman Kodak Co,, 
Rochester, N. Y., f o r  the camera system and Radio Corporation 
of America, Camden, N. J., f o r  the power and communications 
systems. 

The Lunar Orb i t e r  prime contractor  i s  The Boeing Co,, 

Prime cont rac tor  f o r  the Atlas booster  stage i s  General 
Dynamics/Convair, San Diego, Calif . , and prime cont rac tor  f o r  
the Agena second stage i s  Lockheed Missiles and Space Co., 
Sunnyvale, Calif . 

The following i s  a list of o the r  subcontractors f o r  the 
Lunar Orbi te r  Spacecraft:  

Contract o r  Product 

Accessory Products Co. Quad Check Valve 

B a l l  Brothers Research Corp. Sun Sensor 

B e l l  Aerosystems Fuel Tanks 

Bendix Corp. Crystal O s c i l l a t o r  

Calmec Manufacturing Co, R e  l ief  Valve 

J. C. Carter CO. Propellant F i l l  & 
Vent Valve 

Elec t ronic  Memories, Inc.  Programmer Memory 

Fa i rch i ld  Controls Pressure Transducer 

Firewel Co. F i l l  & T e s t  Valves 

General Precision, Inc., 
Kearfot t  Division 

TVC Actuator 

Gerstenslager Co, Van  

I!M! Federal Laboratories Star Tracker 

Marquardt Corp. Engine 

National Water Lif t  Co. H i  Pressure Regulator 
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Contractor 

Ordnance Engineering Associates 

Radiation, Inc. 

Res is tof lex  Corp. 

Sperry Gyroscope Co. 

Standard Manufacturing Co. 

Sterer Engineering and Manufactur- 
i n g  Co. 

Texas Instruments, Inc.  

Vacco Valve Co. 

Vinson Manufacturing Co. 

Product 

Pin Release Mechanism 
N Squib Valve 
s2ut O f f  Valve 
Propel lant  Squib Valve 
Cartridges 

Multiplexer Encoder 
T e s t  Se t  

Propel lant  Hoses 

I n e r t i a l  Reference Unit 

Servicing Unit - Cart 
Purge, D r y  & Flush Unit 

Thrusters 
Low Pressure Regulator 

Radiation Dosage 
Measurement System 

N2 F i l t e r  
Prope 11 a n t  F i  1 t er  

Linear  Actuator 
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